Introduction

43
Adaptation to pathogens is linked to a range of evolutionary processes that result in genetic 44 variation and affect disease resistance traits in a host population. In the co-evolutionary
45
"arms race" model, recurrent allele fixation in a host population is predicted to reduce 46 genetic diversity, whereas in the "trench warfare" model co-existence of functional and non-47 functional alleles is possible when a fitness penalty is associated with a functional allele in the 48 absence of pathogens (Stahl, et al. 1999; Tian, et al. 2003) . In plants, "gene-for-gene" 49 resistance (Flor 1955 ) is frequently found in interactions between hosts and host-adapted 50 pathogens and is often associated with population-level diversification of immune receptors 51 encoded by disease resistance (R) genes (Maekawa, Kufer, et al. 2011 ). The products of these 52 R genes recognize matching pathogen effectors, designated avirulence (AVR) effectors, and 53 plants that lack matching R genes are susceptible to effector-mediated pathogen virulence 54 (Jones and Dangl 2006) . A single R gene can encode functionally diversified resistance alleles 55 among individuals of the host population (Maekawa, et al. 2011 ). While such balancing 56 selection at a given R locus can potentially be due to co-evolutionary diversification of a 57 single R and AVR gene pair, in some cases it is rather explained by the recognition of multiple 58 non-homologous effectors derived from different pathogens (Karasov, et al. 2014;  59 Anderson, et al. 2016; Lu, et al. 2016 ). 
93
Among these, the Mildew resistance Locus A (Mla) is characterized by an exceptional 94 functional diversification; each Mla locus in a given accession confers disease resistance to a 95 distinctive set of Bgh test isolates (races), designated Mla resistance specificity (Jørgensen 96 1994; (Seeholzer, et al. 2010 ). More than 30 Bgh isolate (race)-specific resistance specificities 97 map close or at the Mla locus (Jørgensen 1994) . A 265-kb contiguous DNA sequence 98 spanning the Mla locus in the barley reference cultivar 'Morex' consists of a cluster of CNL-99 encoding genes belonging to three distinctive families, which are designated R Gene 100 Homolog (RGH) 1, RGH2 and RGH3 (Wei, et al. 2002) . To date, 28 naturally diversified 101 RGH1 sequences have been molecularly characterized and the majority of these are capable 102 of conferring isolate-specific immunity to Bgh (Seeholzer, et al. 2010 ). These sequence 103 variants appear to represent Rgh1 alleles at the Mla locus as evidenced by the presence of an
104
[AT] n microsatellite in the third intron (Shen, et al. 2003) . However, the presence of the 105 microsatellite has been validated for the genomic Rgh1 sequences of only six Mla resistance 106 specificities to Bgh. Cultivar 'Morex' carries a truncated and non-functional Rgh1 allele, 107 designated Rgh1bcd and few cultivars appear to harbor more than one functional Rgh1 copy 108 (Wei, et al. 2002; Seeholzer, et al. 2010 ). Our recent work demonstrated that sequence-related 109 MLA receptor variants recognize sequence-unrelated Bgh effectors via direct interaction 110 (Lu, et al. 2016 ). In addition, the wheat Mla orthologs Sr33 (Stem rust resistance 33) 111 4 (Periyannan, et al. 2013 ) and Sr50 (Stem rust resistance 50) (Mago, et al. 2015 
123
Functional analysis of MLA chimeras suggests that the LRR determines AVR recognition 124 specificities in Bgh resistance (Shen, et al. 2003) . A previous study on a set of 25 Rgh1/Mla 125 cDNA sequences identified a number of residues that have been subject to positive selection, 126 located mainly at the surface-exposed concave side of the deduced LRR solenoid protein 127 structure (Seeholzer, et al. 2010 ). In contrast, the N-terminal CC domain is mostly invariant 128 among the same set of receptor variants (Seeholzer, et al. 2010 ). However, this analysis relied 
137
or DNA gel blot analysis using Rgh1-specific hybridization probes (Wei, et al. 1999; 
144
and Mla orthologs in other cereals identified unique amino acid residues in the wheat Sr33
145
CC domain, and the importance of these residues was subsequently tested in CC domain 146 modeling and in planta functional assays. These natural CC sequence polymorphisms might 147 5 explain the previously reported differences in tertiary protein structures between the CC 148 domains of barley MLA10 and wheat Sr33 (Maekawa, Cheng, et al. 2011; Casey, et al. 2016 ).
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Results
151
Identification of Mla sequences in wild barley accessions
152
To gain deeper insights into Mla diversity in wild barley populations, we used transcriptome 153 sequencing and assembly to identify Mla sequences in a set of 50 wild barley accessions that 154 represent nine populations distributed throughout the Fertile Crescent (Pankin, et al. 2018 ).
155
All accessions were purified by single seed descent to eliminate accession heterogeneity 156 (Pankin, et al. 2018 (Table S1 ). This contrasts with previous findings of a single Rgh1/Mla copy in cultivar 180 'Morex' (Wei, et al. 1999; Wei, et al. 2002) (fig. 1a, fig. S2 ).
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Similarly, in one accession (FT113) one of the two deduced MLA variants differs from 207 already characterized MLA25-1 by only two amino acids. In another accession (FT313) the 208 aligned sequence of one of the two deduced MLA variants is identical to MLA34 but the wild 209 barley sequence shows an extension in the LRR (fig. 1a, fig. S2 
252
In agreement with a previous report using mainly barley cultivars (Jordan, et al. 2011 ), our 253 extended dataset detected two distinct subfamilies in the wild barley accessions, which can be 254 defined by two distinct CC domain haplotypes ( fig. 1a, b, fig. S2 
321
The ability of RGH1 members from subfamily 2 to confer resistance to Bgh remains unclear, 322 as no Bgh resistance activities were detected for MLA16-1, MLA18-1, and MLA25-1 323 (Seeholzer, et al. 2010; Jordan, et al. 2011 fig. 1b, d ).
327
Overexpression of MLA10 representing the haplotype CC01 (Table S3) 
357
To examine the role of these two amino acids in structural folding, we simulated secondary 358 structures of wild-type and mutated CC domains of MLA10 and Sr33 using PSIPRED 359 (Buchan, et al. 2013 ). For simplicity, we used the first 40 amino acids for the two following 360 analyses. MLA10 (wild-type) and the mutated MLA10 (T20V E21G) that carries the Sr33-361 type residues were predicted to be structurally similar, while Sr33 (wild-type) was predicted 362 to contain an additional loop compared to the MLA10 variants. Notably, this loop was no 363 longer predicted to form in the Sr33 (V20T G21E) mutant carrying the MLA10-type residues 364 (fig. S8b). We additionally assessed the impact of each single mutation using STRUM (Quan, 365 et al. 2016 ). Both T20V and E21G substitutions in MLA10 were predicted to decrease the 366 protein stability, while V20T but not G21E was predicted to stabilize the Sr33 structure.
367
These data suggest that the two unique residues (or either one of the two) in Sr33 could 368 11 destabilize the helix fold in its CC structure and, as a consequence, the overall CC structure of 
383
In addition, in wild barley Rgh1/Mla has undergone frequent gene duplication (Table S1) Table S5 .
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Phylogenetic Analyses
781
The previously published sequences included in the phylogenetic analyses were retrieved 782 from NCBI (see Table S5 for corresponding accession numbers). As the NCBI accessions for 
792
The MSA visualizations were generated using Unipro UGENE (version) (Okonechnikov, et 
805
The analyses of nucleotide diversity and positive selection were performed on codon 806 alignments of the CDS sequences generated in MEGA5 (using ClustalW as an alignment 807 tool). Nucleotide diversity was then calculated from these alignments using the "nuc. 
829
Plant protein extraction and fusion protein detection by immunoblotting.
830
Plant proteins were extracted as described previously (Saur, et al. 2015) 
845
Sequence data are available at GenBank; the accession numbers are listed in FT293-1
MLA25-1 Neighbour−joining tree
Maximum likelihood tree (Seeholzer, et al. 2010) , four MLA homologs from other species, and 59 candidate MLA sequences identified in this study from 50 wild barley accessions. All positions containing gaps or missing data were omitted from the tree calculations (complete deletion option). A tanglegram was created from the two trees using the R package 'dendextend', in which lines connect the same isolates and colors represent sub-trees conserved between the two methods. Branches shown as dashed lines indicate differences between the trees. 
